Appendix D Detailed description of covariates

Human population density
We considered three measures of human effects based on population size: 1) humans within 50 km (maximum number of people that occurred within 50-km radius of each site); 2) number of humans in the nearest population center (indicator of spatially immediate human pressure); and 3) distance to nearest population centers (indicator of long-distance effects, calculated from each site to the center of nearest population settlements). We chose 50 km as radius for the first measured variable because it is a reasonable range of anthropogenic influence on Caribbean reefs (Mora, 2008) . Projection estimates of human population counts for the year 2010 were obtained from the Gridded Population of the World V.3 at 0.25 degree resolution (SEDAC, 2010) and calculated in ArcGIS v10.0.
Coastal Development
This variable quantified the use of electrical power measured as the intensity of the Earth's city lights at night within 50 km radius of each site. Power infrastructure can be used as a proxy of coastal development which is a good surrogate for fishing pressure (Sanderson et al. 2002) . Light intensity was calculated as the sum of pixel values that corresponded to city and town lights within the interest area. We used the high resolution (750 m) composite map of the world assembled from data acquired by the Suomi NPP satellite global available at NASA Earth Observatory (http://earthobservatory.nasa.gov/Features/NightLights/page3.php). All calculations were performed in ArcGIS v10.0.
Cultivated land
We quantified the area of cultivated land that occurred within a 50 km radius of each reef site.
The raster data for this variable was obtained from the Global Land Cover 2000 database (GLC 2003) . Specifically, we used the regional dataset (North and Central America) that depicts the spatial distribution of 29 different land attributes for the year 2000 as calculated from satellite images at 1 km resolution. Cultivated land could be a surrogate of terrestrial run-offs with potential effects on macroalgae cover when herbivory is reduced (McCook 1999) . Additionally sediment derived from agriculture may alter predator-prey interactions in coral reef fish and compromise planktivores feeding efficiency (Wenger et al. 2013) . Spatial analyses were performed in ArcGIS v10.
Marine Reserve size, age, and poaching level
In this study we only considered marine reserves where fishing was not allowed, at least in theory (i.e. no-take areas). We assessed three variables that together describe some degree of protection effectiveness for reef sites inside marine reserves (Mora et al. 2006 ). These variables were reserve size, years since the establishment (reserve age) and poaching level. Reserve size and age can positively influence fish communities, as in general, older and larger reserves tend to accumulate relative more fish biomass than younger and smaller reserves (Côté et al. 2001 , Halpern 2003 , Claudet et al. 2008 , Babcock et al. 2010 . In contrast, poaching can directly affect fish abundance and undermine the protection efforts particularly when reserves are small (Kritzer 2004) . Poaching levels inside the reserve was classified as "low" or "high" based on interviews with park managers and regular users such as dive shops (method modified from Mora et al. 2006 ). We assumed that poaching inevitable exist in each reserve, thus a range of low to high was established based on a 5 point scale for which 1-2 was low while 3-5 was high.
Reef Area
Reef areas within 5 km and 10 km radius of each site was calculated from the Global 
Reef structural complexity
For each transect set we visually estimated structural reef complexity on a scale of 0-5, where 0 was given to reefs with no vertical relief; 1, low and sparse relief; 2, low but widespread relief; 3, moderately complex relief; 4, very complex relief with numerous caves and fissures; and 5, reefs with exceptionally complex habitats, with numerous caves and overhangs (Polunin and Roberts 1993) . This topographic measure provided an assessment of reef complexity at the seascape level which is relevant to large and medium-sized fish Roberts 1993, Wilson et al. 2007 ).
To minimize estimation subjectivity among observers, at least two divers estimated reef structural complexity for each transect set and the average was calculated to be used in the 9 models. We evaluated the accuracy of the estimations among observers by comparing the standard deviations (SD) among transects per site and found that SDs were 0-0.7 in all cases, meaning that average estimation differences were never over 1 unit.
Mangrove Perimeter
Mangrove abundance was quantified as the perimeter covered by mangrove within 5 km and 10 km radius of each site. Estimates of Caribbean mangrove distribution were obtained from the Global Distribution of Mangroves USGS (2011) 
Net primary productivity
We calculated mean oceanic net primary productivity (mg C m -2 day -1 ) for each site between 2002 and 2012 using remote-sensing. This was obtained from Aqua MODIS satellite monthly data combined in the vertical generalized production model (Behrenfeld and Falkowski 1997 ) at a spatial resolution of 0.0833º (Oregon State University 2013). We used the mean of the last ten years period because primary productivity is inherently variable in time and established predatory communities may respond better to long term trends in primary productivity than to survey year or monthly mean values. Calculations were performed in ArcGIS 10.0.
Sea surface temperature
We used AHVRR Pathfinder Version 5.2 (PFV5.2) satellite data obtained from the US National
Oceanographic Data Center and GHRSST (NOAA 2013). The PFV5.2 data are an updated version of the Pathfinder Version 5.0 and 5.1 collections described in Casey et al. (2010) . We calculated average monthly sea surface temperature (SST, 2002 (SST, -2011 for each source 4 km 2 grid cell that corresponded to each reef site. We also calculated mean minimum monthly SST by selecting the lowest monthly average temperature per year to compute an average across years.
Mean minimum monthly SST could be a better predictor of physiological constrains of some fish predator species (Jennings et al. 2008 , Nadon et al. 2012 . We used mean temperature of nine years because it may represent better the temperature regimen these top consumers experience overtime. All calculations were performed in ArcGIS 10.0.
Wave exposure
The log of wind driven wave exposure (J m -3 ) was extracted in ArchGIS 10.0 from the wave stress map for the Caribbean basin built by and available at does not include the influence of tides or swells, which are not generated by local wind, and it is an approximation of wave patterns in shallow areas . Wave exposure has been a good predictor of spatial variation in reef building corals such as Orbicella sp. (former Montastrea sp.) and can partially explain beta diversity patterns of benthic communities (Harborne et al. 2011) . Wave exposure may also directly affect the biomass and diversity of tropical reef fish (Friedlander et al. 2003 ) and the distribution and abundance of temperate reef fish by compromising swimming abilities (Fulton and Bellwood 2004) .
Alternatively, by modifying the distribution of foundation species like corals, wave exposure could affect fish species that depend on them. The detailed description of the wave exposure calculations and assumptions can be found in .
Benthic cover
Percent cover data of benthic communities by categories (i.e. coral by species, algae by genus or functional groups, gorgonians, sponges, and other) were measured at each site using point intercepts in 6-8 transect lines (10 m long) (Lang et al. 2010) and/or in 6-8 video transects (50 m long) (Carleton and Done 1995) . Point intercept transects (PITs) were used at the Belize sites, while both PITs and video transects were used at the rest of the sites. Both methods provided similar accuracy and results in estimating benthic cover categories in our study. Each benthic transect corresponded to a fish transect set. To estimate percent cover, 100 points per transect was used in PITs (Lang et al. 2010) , while ~600 points were extracted from each video transect (Carleton and Done 1995) . As model predictors we only used live coral, fleshy algae, and gorgonian cover as they provide physical structure that may affect small and medium size fish predators (Alvarez-Filip et al. 2011) .
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Appendix E: Table E1   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28 DistPop, minimum distance to nearest population center; SSTmin, average monthly minimum sea surface temperature; SST, average sea surface temperature; ReefArea5km(10km), reef area within 5 and 10 km; MangrvPer5km(10km), mangrove perimeter within 5 and 10 km. ' , 0.001 '**' , 0.01 '*' , 0.05 '.', non-significant 'ns' Appendix F Analysis and R code to predict total predator biomass in the absence of humans considering all sites as no fishing areas based on the best explanatory model from Table 1. Note that all numerical predictors were standardized and centered before model run. Some predictors were log transformed to improve model fit.
All Sites
# Top model for total predatory fish biomass modelPR.final <-glmer(log(Predators+1) ~ log(CoastDev50km) + I(SSTmin^2) + Rugosity + Coral + Gorgonian + log(Invertivore) + log(Omnivore) + log(Planktivore) + log(Herbivore) + Protection.level + (1|Year/Region/Site.Code), na.action=na.omit, Data = fishcoral, family= Gaussian ("log"), nAGQ=1L) summary (modelPR.final) Generalized linear mixed model fit by maximum likelihood (Laplace Approximati on) [glmerMod] Family: gaussian ( log ) Formula: Predators.log ~ log(CoastDev50km) + I(SSTmin.s^2) + Rugosity. Table 1 for models. The plots for apex predators and piscivore-invertivores show similar patterns and are not shown. A 95% pointwise confidence envelope is superimposed.
Appendix I Detailed description of reef fish biomass variability
The combined average of total fish biomass in the marine reserves of Abaco, Cuba and Mexico (337 ± 25 g m -2 ) was 1.6 times higher than in the unprotected reefs of these sub-regions (215 ± 20 g m -2 , p<0.001). Similarly, the combined predator biomass in reserves of Abaco, Cuba and Mexico (154 ± 22 g m -2 ) was 2.4 times greater than the combined value of their unprotected sites (65 ± 10 g m -2 , p<0.001). We found no significant difference in the combined total fish or predator biomass inside and outside marine reserves of Abaco (p = 0.44, p = 0.68, respectively), or in Belize (p = 0.78, p = 0.94, respectively). However, reef sites inside the marine reserves of Hol Chan (HC) and Half Moon Caye (HM) had the highest fish and predator biomass within Belize (Fig. 2 ). Yet the highest total fish biomass found in Belize at HM (212 ± 14 g m -2 ) was comparable with the combined average of the unprotected sites in the rest of the sub-regions (~215 ± 20 g m -2 ). The combined total fish biomass for Belize (118 ± 8 g m -2 ) was 1.8 times lower than in the unprotected sites of Abaco, Cuba and Mexico (p<0.01, Fig. 2, Fig. H1 ).
Finally, most sites in the marine reserves of Abaco, Cuba and Mexico had average total fish biomass >200 g m -2 and predator biomass >100 g m -2 (Fig. 2, Fig. H2 ).
The proportion trend of trophic groups within the fish assemblages varied across reef sites (Fig. 2, Fig. H2 ). The proportion of apex predators and piscivore-invertivores increased with increased total fish biomass from 0% to ~22% (r s = 0.67, p < 0.001) and from ~15% to ~35% (r s = 0.58, p < 0.001), respectively (Fig. H2) . In combination, the proportion of predators increased from ~13% to ~55% (r s = 0.76, p < 0.001) with increased total fish biomass.
Invertivores, planktivores and omnivores did not follow a clear pattern with increased total fish biomass and each group represented less than 20% of the total biomass at most sites. In contrast, the proportional trend of herbivores decreased from ~55% to ~20% (r s = -0.58, p < 0.001) with increased total fish biomass (Fig. H2 ).
The biomass of invertivores, omnivores, planktivores, and herbivores were slightly but significantly and positively correlated with total predator biomass (Fig. H3) . This relationship was relatively stronger and less variable for invertivores and herbivores (r s = 0.35, p = 0.000), but weaker and more variable for planktivores and herbivores (r s = 0.20-0.23, p~0.000) (Fig.   H3 ).
Appendix J Relationship between reef structural complexity and fish trophic guilds. Red lines are loess smoothing curve with a span width of 3 in each panel to aid visual interpretation. Y axis is in log scale. Reef complexity is described in Appendix D.
Appendix K Detailed discussion of the relationships between predatory fish biomass and cofactors and their potential underlying mechanisms
Ocean productivity had a small positive effect on apex predator biomass. Large predators have been related with quantity and quality of primary production in terrestrial ecosystems (e.g., Serengeti in Africa, Hopcraft et al. 2010) . In marine ecosystems, the positive indirect effect of ocean productivity on teleost biomass has been tested theoretically (Jennings et al. 2008 ) and empirically (Chassot et al. 2010 ) at global scales, and is probably driven by bottom-up increases of prey populations (Frank et al. 2007 ). The observed weak connection of apex predators with ocean productivity may not be through increasing reef fish prey, as they did not respond to primary productivity (Fig. 3) . Instead, mobile apex predators, such as reef sharks and jacks, may also be feeding upon prey directly linked with ocean productivity via plankton in adjacent oceanic waters (McCauley et al. 2012 ).
Reef complexity was one of the most important predictors of fish predator biomass. This variable has a strong positive influence on the relative abundance, species richness, and local distribution of small and medium-sized fishes (e.g., 10-30 cm TL) (Wilson et al. 2007, Graham and Nash 2013) . As reef complexity increases, refuges become more available to avoid predation and competition (Hixon and Beets 1993) . In contrast, less clear is the relationship between landscape reef complexity and the density of large-bodied reef fish or reef sharks (Nadon et al. 2012) . Large transient predators that actively chase their prey may avoid highly complex environments that reduce hunting efficiency (Hixon and Beets 1993) .
Conversely, sites with higher structural complexity may attract relative large resident and transient predators that take advantage of greater prey availability (McCauley et al. 2012) . Reef tridimensional structure complexity is nonetheless crucial to enhance predatory fish biomass and may be further compromised by the Caribbean-wide reduction of architectural complexity (Alvarez-Filip et al. 2009 ).
Several physical and biotic cofactors, such as "ocean temperature", "coral cover", "gorgonian abundance", and herbivore and planktivore biomass did not have a significant effect on predator biomass; however, they improved model fit and may be important to support predator biomass within regions. Ocean temperature, for example, showed a weak "unimodal" response on the biomass of piscivore-invertivores. Non-linear relationship between the diversity of pelagic fish predators and temperature has been observed at a global scale (Worm et al. 2005 ).
However, a clear response to temperature by an entire trophic level may be difficult to detect as the response to temperature gradients is species-specific through physiological constraints that affect individual biomass (Jennings et al. 2008 , Munday et al. 2008 ).
Mangrove was a predictor of apex predator biomass, but unexpectedly not of piscivoreinvertivores. Reefs associated with mangrove habitats have been reported to support more species, and higher density and biomass of reef fishes, including greater prey biomass for piscivore predators (Nagelkerken et al. 2002 , Mumby et al. 2004 . Mangroves also provide protection and high-quality nursery grounds for juveniles of top predator teleosts (e.g., Sphyraena barracuda, Nagelkerken et al. 2002) and sharks (e.g., Negaprion brevirostris, Chapman et al. 2009 ) that later may migrate as adults to adjacent reef habitats (Mumby et al. 2004 ). Piscivore-invertivores in our study included several species with strong mangrove association (e.g., most Lutjanus spp., see Mumby et al. 2004) , but other species with a weak connection with mangroves (e.g., Lutjanus mahogoni, see Nagelkerken et al. 2002) may dilute the average response of the trophic guild. Further research will be needed to identify those species with tight connections with mangrove across our sites, but such endeavor was not objective in this paper.
Lower trophic levels were good predictors of total predator biomass, especially for piscivore-invertivores (Table 1, Fig. 3 ). We found no evidence of top-down regulation at a regional scale. In fact, the higher the biomass of lower trophic levels, the greater the biomass of predators tended to be. Predator dependence on prey, for example, is common within large reserves of terrestrial savannas and woodland ecosystems (Jhala et al. 2008 .
Positive associations among reef fish trophic guilds also increase as fishing pressure decreases with protection (Newman et al. 2006 , Babcock et al. 2010 . Since reef predators are often generalists with opportunistic feeding habits, preying upon several trophic levels including their own, predation pressure may be distributed across levels (Russ and Alcala 2003) . Alternatively, subsistence fishing in the Caribbean has simultaneously targeted and depleted all trophic levels potentially overriding predator-prey interactions at regional scale (Hawkins and Roberts 2004, Paddack et al. 2009 ).
